Abstract-Weakly magnetic m a t e r i a l s may be s e p a r a t e d w i t h i n Open G r a d i e n t Magnetic S e p a r a t o r s u s i n g d r y o r wet p r o c e s s e s .
Axial-symmet r i c arrangments a r e of s p e c i a l i n t e r e s t when u t i l i z i n g c e n t r i f u g a l f o r c e s i n a d d i t i o n t o magnetic f o r c e s . Thereby g r a d i e n t f i e l d s a r e needed which g e n e r a t e mainly r a d i a l l y inwards d i r e c t e d f o r c e s . Such f o r c e s form a k i n d of magnetic p o t e n t i a l b a r r i e r which cannot b e t r a n s v e r s e d by magnetic p a r t i c l e s . The n e c e s s a r y f i e l d d i s t r i b u t i o n s can be a t t a i n e d by means of p r o p e r l y shaped c o i l s which a r e arranged s i m i l a r t o t h e known Helmholtz c o n f i g u r a t i o n . The l a y o u t of such superconducting c o i l s f o r a p p l i c a t i o n s i n c e n t r i f u g a l s e p a r a t o r s i n d i sc u s s e d .
I n o r d e r t o g a i n h i g h magnetic f o r c e s o r e n e r g i e s w i t h i n Open G r a d i e n t Yagnetic S e p a r a t o r s , it i s a d v i s a b l e t o u s e s u p e r c o n d u c t i n g magnets.
Axial-symmetric arrangements a r e of s p e c i a l i n t e r e s t , s i n c e c e n t r i f u g a l and magnetic f o r c e s may be used a c t i n g a g a i n s t each o t h e r . G e n e r a l l y t h e magnetic f o r c e s a c t i n g on a weakly magnetic p a r t i c l e may be d e r i v e d from t h e e q u i l i b r i u m of energy w i t h i n a g i v e n system. One can d e f i n e a mechanical p o t e n t i a l of t h e magnetic f o r c e s by / I / .
where 0 means t h e s p e c i f i c p o t e n t i a l of t h e f i e l d u0H which i s independent of t h e p r o p e r t i e s of t h e p a r t i c l e s , i . e . t h e volume V and t h e s u s c e p t i b i l i t y x r e s p e c t i v e l y : One c o n f i g u r a t i o n o f t e n used i s a c y l i n d r i c a l m u l t i p o l e . F i g . 1 shows t h e r a d i a l p r o f i l e of t h e s p e c i f i c p o t e n t i a l . I t d e m o n s t r a t e s t h a t t h e s p e c i f i c m a g n e t i c f o r c e s Fs (which a r e t h e d e r i v a t i o n of t h e p o t e n t i a l , i . e . t h e s l o p e of t h e c u r v e ) i n c r e a s e v e r y r a p i d l y n e a r t h e winding. On t h e o t h e r hand, t h e y v a n i s h q u i t e q u i c k l y a s t h e d i s t a n c e i n c r e a s e s So i f one needs a c e r t a i n f o r c e , one i s r e s t r i c t e d t o a r e l a t i v e l y s m a l l a r e a which is narrowed even f u r t h e r by t h e need f o r t h e r m a l i ns u l a t i o n . I n a d d i t i o n , p a r t i c l e s may s t i c k t o t h e o u t e r w a l l u n l e s s s p e c i a l c o n d i t i o n s a r e met. T h i s i s t h e main d i s a d v a n t a g e of a l l Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:19841160 s i m i l a r con£ l g u r a t l o n s which u s e a l t e r n a t i v e l y energized c o l l s . For a simple separation p r o c e s s u s l n g c e n t r i f u g a l f o r c e s we would p r e f e r something l i k e t h e I d e a l magnetic p o t e n t i a l b a r r i e r shown I n f l g . 2 . The f o r c e s a r e c o n s t a n t w i t h i n a c e r t a l n range A r and t h e y a r e z e r o a t any o t h e r s p o t . Magnetlc p a r t i c l e s which a r e enclosed w i t h i n t h l s Fm> 19 I I 1 r n t r Fig.2 -I d e a l p o t e n t i a l b a r r i e r r a d i a l f o r c e s . I f one c o n c e n t r a t e s only on t h e p l a n e of symmetry, t h e r e a r e no a x i a l f o r c e s . Even l f one l e a v e s t h i s p l a n e , t h e r e i s a c e r t a i n range w i t h i n Fig.3 -P o t e n t i a l b a r r i e r and which t h e a x i a l f o r c e s a r e contour l i n e s of a much lower t h a n t h e r a d i a l Helmholtz c o i l ones. F i g . 3 shows a c r o s ss e c t i o n through t h e c o i l s arrangement w i t h t h e contour l i n e s of c o n s t a n t p o t e n t i a l . The r e s u l t i n g magnetic f o r c e s a r e p e r p e n d i c u l a r t o t h e s e contour l i n e s . Within t h e a r e a i n d i c a t e d by narrow l i n e s , t h e d e v i a t i o n of t h e f o r c e s from t h e i d e a l r a d i a l d i r e c t i o n i s l e s s t h a n 300.
The Helmholtz arrangement i s c e r t a i n l y n o t t h e b e s t f o r s e p a r a t i o n . Simply by v a r y i n g t h e d i s t a n c e between t h e two c o i l s , t h e b a r r i e r can be made much s t e e p e r r e s u l t i n g i n s p e c i f i c f o r c e s of up t o s e v e r a l 1 o 7~ m-3, s e e f i g . -T h i s e n e r g i e s grow c o n s i d e r a b l y w i t h t h e peak f o r c e s . A high s e p a r a t i o n work may t h e r e f o r e be p o s s i b l e .
. This i s s u f f i c i e n t f o r s e p a r a t i o n of h a e m a t i t e or of s i d e r i t e f o r i n s t a n c e . Moreover, t h e shape of t h e c r o s s -s e c t i o n of t h e s i n g l e c o i l s i n f l u e n c e s t h e v a l u e of t h e peak f o r c e . F i g . 5 g i v e s c a l c u l a t e d s p e c l f i c e n e r g i e s v e r s u s t h e

Fig. 4 -P o t e n t i a l b a r r i e r f o r v a r i o u s parts are coil d i s t a n c e s d. (NbTi@ 4,2K c o i l s forming t h e magnetic c r o s s s e c t i o n 14810 mm2) f i e l d and a h o r i z o n t a l s e p a r a t i o n d i s c r o t a t i n q
I q j ;.
I A l l t h e s e d a t a were 
Furthermore, t h e s u r f a c e of t h e o u t e r r i n g i s a few m i l l i m e t e r s below t h a t of t h e i n n e r p a r t . So t h e two p a r t s form a kind of jumping p l a t f o r m . The mixture of magnetic and non-magnetic p a r t i c l e s i s fed o n t o t h e c e n t r e d i s c . Both k i n d s of p a r t i c l e s w i l l d r i f t slowly towards t h e edge. Here t h e y a r e thrown o f f due t o t h e
-c e n t r i f u g a l f o r c e , and i f . . . .
parameters of t h e
. . magnetic p a r t i c l e s a r e drawn back t o t h e c e n t r e s i n c e t h e magnetic f o r c e s a r e d i r e c t e d inwards. So i f t h e c e n t r i f u g a l f o r c e s a r e n o t t o o l a r g e , t h e magnetic p a r t i c l e s a r e t r a p p e d w i t h i n t h e " p o t " formed by t h e magnetic f o r c e s ( s e e f i g . 3 ) . This means t h a t t h e y a r e h i n d e r e d from rezching t h e o u t e r s i d e f o t h e gap, and t h u s f a l l o n t o t h e , c o l l e c t o r d i s c below. 1 . Non-magnetic p a r t i c l e s must be a b l e t o r e a c h t h e o u t e r r i n g i n s p i t e of t h e g r a v i t y which p u l l s them down. 2. Magnetic p a r t i c l e s must f a l l o n t o t h e c o l l e c t o r . The f i r s t c o n d i t i o n can be transformed i n t o a minimum v a l u e of t h e r o t a t i n g v e l o c i t y which i s only i n f l u e n c e d by t h e geometry of t h e jumping p l a t f o r m and by t h e d i a m e t e r of t h e arrangement. T h i s minimum of r o t a t i n g v e l o c i t y n a t u r a l l y i m p l i e s a minimum v a l u e of t h e c e n t r i f u g a l f o r c e . T h e r e f o r e , t h e second c o n d i t i o n can be used f o r computation of t h e minimum magnetic f o r c e s which must a c t a g a i n s t them A t t h i s s t a t e of fundamental s t u d y , an o p t i m i z a t i o n can be attemped. One d e s i r a b l e p r o p e r t y i s t h a t t h e t a r g e t p o i n t s of magnetic and nonmagnetic p a r t i c l e s a r e a s f a r a p a r t from each o t h e r a s p o s s i b l e . T h i s guards a g a i n s t s l u r r i n g e f f e c t s due t o a s p r e a d i n s u s c e p t i b i l i t y o r p e r t u b a t i o n s such a s c o l l i s i o n s of p a r t i c l e s .
The o p t i m i z a t i o n w i t h r e s p e c t t o t h i s p r o p e r t y shows, t h a t it i s more
a d v i s a b l e t o aim a t high s p e c i f i c e n e r g i e s t h a n a t high f o r c e s , n a t u r a l l y c o n s i d e r i n g t h e r e q u i r e m e n t s mentioned above.
A s a consequence, t h i s determines t h e o p e r a t i o n of t h e superconductor. Our c a l c u l a t i o n s showed, t h a t f o r a p r o c e s s w i t h no p e r t u b a t i o n s a t a l l , i t i s b e s t t o o p e r a t e t h e superconductor a t i t s p o i n t of maximal B -J (where B and J a r e t h e f l u x d e n s i t y and t h e c r i t i c a l c u r r e n t d e n s i t y r e s p e c t i v e l y ) .
